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The mass spectrum reco rd ings  were conducted by means o f  a galvano- 

meter  o s c i l l o g r a p h  i n s t a l l e d  i n  a he rme t i ca l ly - sea l ed  compartment 

o f  t h e  c o n t a i n e r .  A t  such  r e g i s t r a t i o n  t h e  minimum r e g i s t r a b l e  i o n  

c u r r e n t  of  t h e  a n a l y z e r ' s  c o l l e c t o r  c o n s t i t u t e d  4 a ( f o r  

I ' 
I an i n p u t  r e s i s t a n c e  R = 10'~ o b > .  

I A p e r i o d i c a l  modulation of  the  i o n  c u r r e n t ,  cond i t ioned  by 

t h e  a r b i t r a r y  r o t a t i o n  o f  t h e  c o n t a i n e r  and t h e  v e l o c i t y  p r e s s u r e  

e f f e c t ,  c o n s t i t u t e d  a pec l i a r i t y  of t h e  r e g i s t e r e d  s p e c t r a ,  o n l y  

i n h e r e n t  t o  a tmospheric  c o n s t i t u e n t s .  Th i s  pe rmi t t ed  t h e  account ing  

o f  c o n t a i n e r ' s  gas  s e p a r a t i o n  i n  t h e  course  of subsequent  proces- 

s i n g  o f  t h e  mater ia l .  I o n  peaks with t h e  fo l lowing  mass numbers I 

~ 

were r e g i s t e r e d :  1, 2,  1 2 ,  14 ,  16 ,  1 7 ,  18,  28 ,  29, 30 ,  32 ,  34, 36, 
40 and 44, r e s p e c t i v e l y  i d e n t i f i e d  with H H2, C ,  N1, 01, OH, 
H20, N2, N14g5, NO, 02, 0 l 6 O l 8 ,  A r J 6 ,  A r  4b' , C02 and N20. Besides ,  

g a s e s  wi th  m a s s  numbers 9, 10,  

t h e i r  i d e n t i f i c a t i o n  is examined below. 

42 were r e g i s t e r e d .  The ques t ion  o f  + 
RFSULTS AND REASONING 

G r a v i t a t i o n a l  SeEara t ion  and Atmosphere Temperature.  - - - - - - - -  - - - - - - - -  - - - - - - - -  
I 

I 

I wi th  t h e  a l t i t u d e  i n c r e a s e  ( F i g . l ) . T h i s  p o i n t s  t o  t h e  presence  

Study o f  t h e  dependence on a l t i t u d e  o f  t h e  r a t i o  o f  i o n  

c u r r e n t s  

a s c e n t  and descen t  has t h e  c h a r a c t e r  o f  a nea r ly -exponen t i a l  drop 

A r  and N2 shows, t h a t  t h e  v a r i a t i o n  o f  t h i s  r a t i o  a t  

I 

I o f  g r a v i t a t i o n a l  s e p a r a t i o n  of A r  and N2* The comparison of  A r  

( t a k i n g  i n t o  account  t h e  mass s e p a r a t i o n  f a c t o r *  ), shows t h a t  t h e  

and N2 i o n  c u r r e n t  r a t i o ,  c o r r e  ponding t o  t h e s e  g a s e s '  c o n t e n t  

i n  t h e  near-ground l a y e r ,  wi th  t h e  value ob ta ined  d u r i n g  t h e  f l i g h t ,  
I 

g r a v i t a t i o n a l  s e p a r a t i o n  beg ins  at 105 - 110 k m  a l t i t u d e s .  

I * I n  t h i s  case  t h i s  c o e f f i c i e n t  will be d i f f e r e n t  from t h e  va lue  
I PI (N2) /M (Arf = 0.8375 C51, s i n c e  i o n i z a t i o n  o f  t h e  u n d i s t o r t e d  

inconling f low ( s e l e c t i o n  f z c t o r  1) as we l l  as o f  h e a v y - c o w t i t u e n t -  
impoverished e x i t  flom i s  e q u a l l y  probable .  Obvious ly ,  t h e  c o r r e c t i o n  
f z c t o r  i n  t h i s  case  v i 1 1  be ( 1  + 0,837) / 2  M 0.92. 
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It must be no ted ,  t h a t  t h e  conclus ion  about t h e  presence  

o f  s e p a r a t i o n  i n  t h e  n i g h t  atmosphere a t  middle l a t i t u d e s  of  t h e  

USSR a g r e e s  we l l  w i th  t h e  r e s u l t s  of t h e  f i r s t  two experiments  El, 21 

conducted i n  t h e  morning hours  of t he  summer 1959 at t h e  same l a t i -  

t u d e s ,  and a l s o  w i t h  t h e  r e s u l t s  of  American a u t h o r s  C61, ob ta ined  

d u r i n g  t h e  soundings of t h e  upper  atmosphere by means of  r o c k e t s  

a t  F o r t  Church i l l  ( 59' No . I ;1 t . ) . 
(Ilr)/I(NJ ' 
qozo 
0,018 

40f6 

4014 

qo'2 
4010 

qaw 
4m 
cloot 

I 

C O  fR? /lb 120 f30 fvo 150 160 170 180 (80 
h, NU 

F i g .  1. V a r i a t i o n  of A r  and N i o n  c u r r e n t  r a t i o  
as a f u n c t i o n  of a l t i t u d e  a$ a s c e n t  (1) and a t  

descent  ( 2 ) .  

But a longs ide  wi th  t h e  above, t h e r e  a r e  d ivergences  wi th  

t h e  d a t a  ob ta ined  by t h e  same au tho r s  du r ing  t h e  r o c k e t  i n v e s t i -  

g a t i o n s  of  t h e  upper  atmosphere at Vbite  Sands,  N.M. (32' No.Lat.). 

Eowever, 3. 4. Mirtov  [ e ]  s u b j e c t s  t o  doubt t h e  conclus ion  about  

t h e  absence o f  g r a v i t a t i o n a l  s e p a r a t i o n  i n  t h e  atmosphere above 

White Sands ,  due t o  t h e  f a c t  t h a t  experiments were s e t  up u n s a t i s -  

f a c t o r i l y  from t h e  methodical  s t andpo in t .  Consequently,  t h e r e  is a 

s u f f i c i e n t  b a s i s  f o r  t h e  a s s e r t i o n  t h a t  t h e  E a r t h ' s  atmosphere is 

i n  a s t a t e  of  g r a v i t a t i o n a l  s e p a r a t i o n  a t  a l t i t u d e s  above 100-110km 

a t  l e a s t  at middle and nea r -po la r  l a t i t u d e s .  Apparent ly ,  t h e  l e v e l  

o f  t h e  beginning  o f  s e i j a r a t ion  cannot be s t r i c t l y  bounded, whi le  
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t h e  s m a l l  number of  ex13eriments p reven t s  t h e  r each ing  o f  t h e  con- 

c l u s i o n  on t h e  e x i s t e n c e  of  l a t i t u d e  o r  s easona l  v a r i a t i o n s  o f  t h e  

a l t i t u d e  o f  t h e  s e p a r a t i o n  l e v e l .  

As i n  El, 21, t h e  atomic n i t rogen  i s  n o t  observed i n  t h i s  

experiment  i n  t h e  100- 210 k m  a l t i t u d e  range i n  amounts exceeding  

1 t o  2 p e r c e n t  o f  molecular  n i t r o g e n  N2 concen t r a t ion .  That  is why, 

assuming t h e  a p p l i c a b i l i t y  of t h e  Dalton law t o  A r  and N2 i n  t h e  

a l t i t u d e  range where t h e  e f f e c t  of photochemical r e a c t i o n s  may be 

n e g l e c t e d  ( a t  which molecular  n i t r o g e n  abso rp t ion  i,akes p l a c e ) ,  

we may e s t i m a t e  t h a t  t h e  barometr ic  formula 

where p ,  g and T r e s p e c t i v e l y  a r e  the  p r e s s u r e ,  t h e  g r a v i t a t i o n  

a c c e l e r a t i o n ,  and t h e  tempera ture  a t  t h e  a l t i t u d e  h ,  is v a l i d  

f o r  p a r t i a l  p r e s s u r e  v a r i a t i o n s .  I n  t h i s  czse  the  r e l a t i v e  concen- 

t r a t i o n  o f  R r  v i t h  a!..t.i’iuc!e rill vary  z ? c o r < i n y  t o  t h e  f o r x u l a  

where n (Ar )  and  n (N ) a r e  ti7.e a b s o l u t e  c o n c e n t r a t i o n s  of  

A r  and N a t  the  s e p a r a t i o n  l e v e l .  Designatin:; 

we o b t a i n  t h e  formula 
bY k ,  

(2) 

n ( A r )  0 0 2  

2 n (N2) 

h k = k, exp ( - , 

is  t h e  i L t i t ? ? . d e  o f  % h e  uniform atmosphere RT 
(Mar - MN) g 

where H = 

f o r  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  Ar. Since  t h e  i o n  c u r r e n t  r a t i o  

cor recponds ,wi th  t h e  p r e c i s i o n  t o  t h e  propor t iona l i ty  o r  t h e  conver- 

s i o n  f a c t o r ,  t o  t h e  r a t i o  o f  c o n c e n t r a t i o n s ,  we may compute t h e  

v a l u e s  H ,  and consequent ly  - t h e  tempernture  T a t  v a r i o u s  h e i g t h s ,  

by app ly ing  formula ( 2 )  t o  t h e  exFerimental  curve o f  A r  and N i o n  

c u r r e n t  v a r i a t i o n  wi th  t h e  a l t i t u d e  . 2 
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100 
110 
120 
130 
140 
i50  
i 60 
270 
180 
i90 
200 
210 

5. 

215 
265 
325 
395 
490 
600 
715 
785 
825 
860 
895 
925 

by t h e  i n d i c a t e d  method r e s u l t e d  p o s s i b l e  through t h e  185 k m  

a l t i t u d e .  The de termina t ion  o f  t h e  temperature  above tliat l e v e l ,  

i n d i s p e m a b l e  f o r  t h e  c a l c u l a t i o n  of N p r e s s u r e  by t h e  barometr ic  

formula ,  was made by way o f  l i n e a r  e x t r a p o l a t i o n  o f  t h e  a l t i t u d e  

course  of t h e  temperature  curve t o  210 km a l t i t u d e .  The r e s u l t  of 

such  computations a r e  p r e s e n t e d  i n  t h e  Table h e r e a f t e r .  The errors 

2 

27.9 
27,6 
27,2 
26,9 
26,s 
26,l 
25,8 
25,5 
25,l 
21,9 
24,4 
24,l 

o f  temperature  de te rmina t ion  c o n s t i t u t e  

measured va lue .  

250 
wi 

23 
10 ' 

6,". 
4,3 
297 
118 
192 
0,73 
0,53 
0,38 

740 
170 
48 
17 
796 
3.6 
1.9 
1 9 1  
0,73 
0,50 
0,33 
0,23 

180 
40 
11 
3,8 
1.63 
0,73 
0,36 
0,21 
0,13 
0,080 
0,050 
0,032 

68 
20,7 
799 
3,48 
1,86 
1 ,I 
0,65 
@,44 
0,32 
0,25 
0,19 
0,15 

about t e n  p e r c e n t  of t h e  

490 
110. 
3%. 

5.0 
2,3 
112 
0.75 ' 
0,49 
0,34 
0,24 
0,16 

11 

* p a r t i c l e  * ~ r n ' ~  ; * *  mm. Hg.column. ; * * *  g 0 ~ 1 1 1  -3 . 
B a s i c  Conpos i t ion ,  P r e s s u r e  a n d  Dens i ty  o f  t h e  Atmosphere 

The b a s i c  atmos2here c o n s t i t u e n t s  a r e  N2, ol, and 0 2 ,  
a c c o r d i n g  t o  experiments i n  t h e  100-  210 k m  a l t i t u d e  range. 

I s o t o p e s  N2 (Nl4NI5) wi th  a mass number 29 were a l s o  r e y i s t e r e d  

from 100 t o  150 km, and i n  t h e  100  t o  126 k m  range - i s o t o p e s  

O2 ( 0 0 16 18 with a mass number of 34 a.m.u.The r e l a t i v e  concen- 

t r a t i c n s  o f  t h e s e  i s o t o p e s  a r e  cons tan t  a t  all observed a l t i t u d e s  

and. r e s p e c t i v e l y  equal  t o  (7.6 2 0.6) loo3 f o r  N2 and (4.1 t 0.6) 

i s o t o p e  N1?N15(7.6.10'3) and  of  t h e  0 l6Ol8 i s o t o p e  (4.0. 
f o r  d2, which agrees  well with t h e  r e l a t i v e  abundance of t h e  

( s e e  C91 1. 
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Comparison was made i n  C41 o f  t h e  experiments  c a r r i e d  
o u t  wi th  t h e  a i d  of  mass-spectrometers wi th  d i f f e r e n t  t y p e s  of 

a n a l y z e r s .  As a r e s u l t ,  t h e  va lue  of t h e  c o r r e c t i v e  f a c t o r  w a s  

o b t a i n e d ,  account ing  f o r  t h e  p o s s i b l e  r e a c t i o n s  t h a t  change t h e  

composi t ion of  t h e  analpzed gases .  Thus wi th  t h e  a i d  of  t h a t  fac-  

t o r ,  c o n c e n t r a t i o n  r a t i o s  of  0 

c u r r e n t  experiment  f o r  v a r i o u s  h e i g h t s  i n  t h e  atrnosDhere. . They 

may s e r v e  as a b a s i s  f o r  t h e  

de t e rmina t ion  o f  a b s o l u t e  con- 

c e n t r a t i o n s  o f  a tmospheric  

g a s e s  i n  t h e  presence of  cor-  

responding  l a b o r a t o r y  cal i -  

b r a t i o n  d a t a  on t h e  dependen- 

ce  o f  i o n  c u r r e n t s  on p a r t i a l  

p r e s s u r e s .  I n  view of t h e  

absence o f  d a t a  on c o n t a i n e r  

o r i e n t a t i o n ,  i t  was imposs ib le  

t o  c a r r y  o u t  t h e  convers ion  o f  

t h e  measured p a r t i a l  p r e s s u r e s  

o f  t h e s e  gases  i n  t h e  a n a l y z e r  

i n t o  t h e i r  p r e s s u r e  i n  t h e  

atmosphere,  t a k i n g  i n t o  account  

t h e  v e l o c i t y  o f  t h e  i n c i d e n t  

O2 t o  N viere ob ta ined  i n  t h e  1' 2 

Fig .  2 .  - (1) I o n  c u r r e n t  W2 v a r i -  

o f  N p r e s s u r e  i n  t h e  atmosphere 
p e r  a romet r i c  f o r n u l a .  

f low. Fig. '  shows t h e  curve of a t i o n  a t  a s c e n t  ; (2 )  - V a r i a t i o n  

a l t i t u d e  at a scen t .  It is modu- - - - - - - - - - - - - - - - - -  z i o n  c u r r e n t  N2 v a r i a t i o n  wi th  

l a t e d  on account  o f  t h e  r o t a t i o n  o f  t h e  c o n t a i n e r  by t h e  coun te r  

flow. The curve of i o n  c u r r e n t  v a r i a t i o n  a t  descen t  has  an analogus 

c h a r a c t e r .  

I t  becomes p o s s i b l e  t o  determine t h e  p r e s s u r e  p i n  t h e  a 
atmosphere by t h e  thermal  e f f u s i o n  formula ( see  [lo] ), a t  t h e  
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I 

summit o f  t h e  t r a j e c t o r y ,  where t h e  v e l o c i t y  o f  t h e  c o n t a i n e r  

i s  n e a r  z e r o  : 

where T, 

2 T, i s  t h e  atmosphere tempera ture ,  and pn is t h e  p r e s s u r e  o f  N 

i n  t h e  a n a l y z e r ,  determined by t h e  l a b o r a t o r y  c a l i b r a t i o n  curve.  

Having t aken  t h e  va lue  of 

f o r  t h e  p r e s s u r e  of  N2 at t h a t  a l t i t u d e  t h e  v a l u e  (2.2 2 0.4 
mm. Hg col), af te r  deduc t ing  t h e  background cond i t ioned  by gas 

s e p a r a t i o n .  Appkying t h e  barometr ic  formula,  and u t i l i z i n g  t h e  

o b t a i n e d  p r e s s u r e  v a l u e  at  210 k m  as p o i n  t h a t  formula,  w e  may 

o b t a i n  t h e  d i s f r i b u t i o n  of N2 pres su re  at a l l  a l t i t u d e s  where t h e  

tempera ture  i s  known, and through 100 km. The obta ined  d i s t r i b u -  

is t h e  tem;?erature of t h e  d e v i c e ,  t aken  as 300°K, 

Ta at 210 k m  from t h e  Table ,  w e  o b t a i n  

t i o n  of  M2 p r e s s u r e  i n  t h e  atmosphere i s  shown i n  Fig. 2 ( cu rve  2). 
The tempera ture  v a l u e s ,  necessa ry  f o r  t h e  computat ions,  were bor- 

rowed from Table  for  t h e  r e q u i r e d  h e i g h t s .  S i n c e  i n t e r v a l s  h a 2.5 km 

were used  i n  t h e  Computations, i t  was then  assumed t h a t  bo th ,  t h e  

atmosphere t e . . pe ra tu re  and t h e  g r a v i t y  a r e  c o n s t a n t  q u a n t i t i e s .  

F u r t h e r  computations making use of d a t a  C41 on r e l a t i v e  0 O2 and 

N2 c o n c e n t r a t i o n s  pe rmi t t ed  t o  o b t a i n  t h e  d i s t r i b u t i o n  of a b s o l u t e  

c o n c e n t r a t i o n s  of t h e  main atmospheric  gases ,  o f  p r e s s u r e  and atmos- 

phere  d e n s i t y  i n  t h e  100 t o  210 km a l t i t u d e  range. The r e s u l t s  o f  

t h e s e  computat ions a r e  a l s o  compiled i n  t h e  Table .  

1' 
k. 

.L 

MINOR ADP'IIXTuIiEs IN THE ATNOSPHEHE 

Group H20, OH, H1, H2* - - - - - - - - - - -  
I n  t h e  c u r r e n t  experiment ,  b e s i d e s  H2, t h e  above- indica ted  

g a s e s  are d e t e c t e d  i n  t h e  whole range of  i n v e s t i g a t e d  a l t i t u d e s .  

( s e e  F i g ,  3 n e x t  page) .  Contrary t o  t h e  1959 experiments  [l, 21, 
t h e  r e s i s t e r e  q u a n t i t y  of  H20 i s  s u b s t a n t i a l l y  l e s s e r ,  and t h e  
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c h a r a c t e r  o f  behav io r  of t h e  cor responding  i o n  c u r r e n t  is d i f f e r e n t .  

The H20 i o n  c u r r e n t  drops wi th  t he  a l t i t u d e ,  and its v a r i a t i o n  has  

a symmetr ical  c h a r a c t e r  r e l a t i v e  

As may be s e e n  from F i g ,  3,  
t h e  modulat ion of t h e  H20 i o n  

c u r r e n t  is ve ry  weakly expres- 

s e d  i n  comparison wi th  t h e  i o n  

c u r r e n t  of  N2 (F ig .  21, caused 

by t h e  change i n  the p o s i t i o n  

o f  t h e  i n l e t  opening r e l a t i v e  

t o  t h e  i n c i d e n t  flow. This 

p o i n t s  t o  t h e  f a c t ,  t h a t  bas i c -  

a l l y ,  t h e  mass-spectrometer re- 

g i s t e r s  H20 molecules ,  i n t r o d u -  

ced i n  t h e  upper l a y e r s  o f  t h e  

atmosphere on t h e  c o n t a i n e r ’ s  

s u r f a c e .  Only t h a t  p a r t  o f  t h e  

i o n  c u r r e n t ,  which undergoes 

modulat ion i n  connec t ion  with 

v a r i a t i o n  of t h e  o r i e n t a t i o n  

of  t h e  i n l e t  opening o f  t h e  

mass-spectrometer ,  may be con- 
d i t i o n e d  by H20 from t h e  upper 

atmosphere.  However, i t  i s  n o t  

r u l e d  o u t ,  t h a t  t h e  modulation 

might be exp la ined  by t h e  e n t r y  

t o  t h e  summit of t h e  t r a j e c t o r y .  

I, ! P a  

20 RF YI 

Fig .  3 .  V a r i a t i o n  of i o n  c u r r e n t s  
of H20, OH, HI’ and H2 as a func- 
t i o n  of a l t i t u d e  and f l i g h t  time 

a t  ,ascent . 
i n t o  t h e  ana lyze r  of  H 0 molecules having  appeared a t  gas s e p a r a t i o n  

and which underwent r e f l e c t i o n  a t  mutual i n t e r a c t i o n  with t h e  mole- 
c u l e s  o f  t h e  coun te r  f l o w .  The maximum value  o f  t h e  p a r t i a l  H20 
p r e s s u r e  i n  t h e  upper atmosphere ( a t  115 km), e s t i m a t e d  by t h e  

dep th  of  t h e  modulation o f  t h e  i o n  c u r r e n t ,  does no t  exceed 3 
mm. Hg.coL., which c o n s t i t u t e s  about 0.6 pe rcen t  o f  t h e  total. atmo- 

s p h e r e  p r e s s u r e  a t  t h a t  a l t i t u d e  

2 
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Taking t h e  above c o n s i d e r a t i o n s  i n t o  account ,  t h e  o b t a i -  

ned va lue  shou ld  be cons idered  as the upper  l i , . i t  o f  H20con ten t  

i n  t h e  n i g h t  atmosphere at a l t i t u d e s  above 100 k m ,  A t  H20disso-  

c i a t i o n ,  hydroxyl  OH and atomic hydrogen H1 a r e  formed i n  t h e  

i o n  source  of  t h e  mass-spectrometer. They a r e  subsequen t ly  s u b j e c t  

t o  i o n i z a t i o n ,  forming on t h e  c o l l e c t o r  cor responding  i o n  c u r r e n t s .  

A t  t h e  same t i m e ,  a c o r r e l a t i o n  of  H20 i o n  c u r r e n t s  and of p r o d u c t s  

o f  (OH and H1) d i s s o c i a t i o n  may be ob ta ined  i n  t h e  l a b o r a t o r y  f o r  

eve ry  device .  

The presence of  t h e  hydroxyl OH, r e y i s t e r e d  by t h e  mass- 

s p e c t r e a e t e r ,  mzy be f ~ f i l y  expla ined  ( w i t h  a p r e c i s i o n  t o  measure- 

ment e r r o r s )  by H20 d i s s o c i a t i o n  i n  t h e  i o n  source  of t h e  m a s s -  

s p e c t r o m e t e r ,  when comparing t h e  i o n  c u r r e n t  r a t i o s  I ( O H ) / I  (H20) 
o b t a i n e d  i n  f l i g h t  wi th  t h o s e  obta ined  i n  l a b o r a t o r y ,  

Having admi t ted  t h e  va lue  o f  t h e  measurement e r r o r  f o r  t h e  

upper  limit o f  OH c o n t e n t  i n  t h e  atmosphere,  we o b t a i n  t h a t  t h e  

r e l a t i v e  hydroxyl  OH con ten t  i n  the  n i g h t  atmosphere above 100 km 

does n o t  exceed 6 lom3 pe rcen t  of t h e  t o t a l  q u a n t i t y  of  all gases. 

The behavior  of t h e  i o n  c u r r e n t  o f  H has  a c h a r a c t e r  1 
comyarable with t h a t  o f  H20 and OH i o n  c u r r e n t s  (F ig .  3 )  i n  i ts 
v a r i a t i o n  wi th  t h e  a l t i t u d e ,  which may p o i n t  t o  t h e  d i s s o c i a t i v e  

link o f  % and H20. However, beginning wi th  t h e  145-150 k m  l e v e l ,  

t h e  €I1 i o n  c u r r e n t  dec reases  more slowly t han  is necessa ry  f o r  

i o n  c u r r e n t  c o r r e l a t i o n  I (H20) : I (OH) : I (Hl), found under  labo- 

r a t o r y  c o n d i t i o n s ,  t o  be f u l f i l l e d ,  

I f  we f i g u r e  t h e  H1 i o n  c u r r e n t  i n  t h e  form of t h e  sum of 
two c u r r e n t s  - e q u i l i b r a t e d ,  s a t s i f y i n g  t h e  w r i t t e n  c o r r e l a t i o n ,  

and e x c e s s ,  i t  appears  t h a t  at a l t i t u d e s  above 150 k m  t h e  excess  

c u r r e n t  exceeds by 1.5 t o  2 t imes t h e  e q u i l i b r s t e d  (ba l anced)  one. 
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The c o n c e n t r a t i o n  o f  H1, corresponding t o  t h e  excess  i o n  c u r r e n t ,  
c o n s t i t u t e s  n o t  l e s s  t han  10  8 p a r t i c l e  e c ~ n - ~ ,  The p o s s i b i l i t y  is 

n o t  excluded t h a t  t h e  presence  of t h e  excess ive  amount o f  H1 is  ex- 
p l a i n e d  by atmosphere hydrogen; however, a d d i t i o n a l  e q e r i m e n t s  w i l l  

have t o  be conducted b e f o r e  any f i n d  conc lus ion  is drawn. 

The v a r i a t i o n  of  t h e  H2 i o n  c u r r e n t ,  d e t e c t a b l e  a t  a l t i t u d e s  

t o  130 km i n  t h e  ascending branch,  c o r r e l a t e s  with t h e  v a r i a t i o n  of 

t h e  H1 i o n  c u r r e n t .  Hence t h e  conclus ion  may be made, t h a t  t h e  r e g i -  

s t e r e d  molecular  hydrogen H2 owes i t s  o r i g i n  t o  t h e  recombinat ion 

o f  tile atoriiic hydroger, E incicle t-he mess-spectrometer 's  a n a l y z e r .  

'The absence of E2 i n  s p e c t r a  a t  a l t i t u d e s  &ove 130 km mag s e r v e  as 

evidence  of  t h e  f a c t ,  t h a t  t h e  concen t r a t ion  o f  H i n  t h e  a tnosphere  

above t h e  i n d i c a t e d  l e v e l ,  does n o t  exceed 3 l o 7  p a r t i c l e  .cm-3, 

which is t h e  H2 r e g i s t r a t i o n  th re sho ld  f o r  t h e  g iven  d e v i c e ,  

1 ---- 

2 

The degree  of atomic hydrogen recombinat ion i n  t h e  a n a l y z e r  

may be determined by t h e  c o r r e l a t i o n  o f  H 

t s k i n g  i n t o  account  t h e  l i g h t  m a s s  d i sc r imina t ion .  It r e s u l t s  t h a t  

i n  t h e  type  o f  mass-spectrometer u t i l i z e d ,  n o t  more t h a n  3 t o  4 per- 

c e n t  of a tomic hydrogen H is s u b j e c t  t o  recombinat ion i n  t h e  ana- 
l y z e r .  Cont rary  t o  I s t o m i n ' s  a s s e r t i o n  Ell], t h i s  c i rcumstance  con- 

firms t h e  p o s s i b i l i t y  o f  conduct ing q u a n t i t a t i v e  measurements o f  

a t o n i c  hydrogen c o n c e n t r a t i o n  i n  t h e  atmosphere with t h e  h e l p  of  

mass-spe ctrome t e r  o f  a v a i l a b l e  c o n s t r u c t i o n .  

and H2 i o n  c u r r e n t s ,  1 

l 

ge&=i% (He 1 

!Vithin t h e  limits of  t h e  dev ice ' s  s e n s i t i v i t y  a f t e r  opening 

t h e  a n a l y z e r ,  no atmospheric  hel ium was r e g i s t e r e d  at e i t h e r  r ead ing .  

T h i s  p r o v i d e s  t h e  b a s i s  t o  a s s e r t ,  t h a t  helium c o n c e n t r a t i o n  above 

100 k m  does  n o t  exceed 6 1 0  7 p a r t i c l e  mc~n-~. Comparison wi th  t h e  

d a t a  o f  American a u t h o r s  C61 confirms t h e  conclus ion  of t h e  p r e f e r a b l e -  

n e s s  o f  s t u d y i n g  t h e  atmosphere composition wi th  t h e  h e l p  o f  a con- 
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c o n t a i n e r  seL3arating from t h e  rocke t ,  by comparison wi th  measure- 

ments made by a rocket-born dev ice .  I n  t h e  l a t t e r  case  t h e  s t r o n g  

e f f e c t  o f  gases  e m i t t e d  by t h e  rocke t  i s  unavoidable ,  Thus, i n  p a r t i -  

cular,  hel ium d e t e c t e d  i n  t h e  130- 170 k m  a l t i t u d e  range accord ing  

t o  C63 should  be e n t i r e l y  a s c r i b e d  t o  gas  emiss ion  by t h e  r o c k e t  

on which hel ium w a s  used as an ope ra t ion  gas, on account o f  its 

c o n c e n t r a t i o n  (above 10  p a r t i c l e  and t h e  c h a r a c t e r  o f  t h e  

v a r i a t i o n  of t h iE  c o n c e n t r a t i o n  w i t h  a l t i t u d e .  But i n  o r d e r  t o  

r each  more p r e c i s e  conc lus ions  on l i g h t  gas c o n t e n t  i n  t h e  upper 

atmosphere t h a t  may be ob ta ined  on a s e p a r a t i n g  c o n t a i n e r ,  addi-  

t i o n a l  expei-hieii ts  are p r e - r e q u i s i t e  with  the  use of  mass-spectro- 

meters  more s e n s i t i v e  t o  h:;dro,gen and hel i i im.  

8 

L i t t l e  can be s a i d  o f  t h e  conten t  i n  t h e  atmosphere o f  

gases  wi th  a mass number of 44, due t o  t h e  f a c t  t h a t  i n  t h e  c u r r e n t  

experiment  i n c r e a s e d  C02 emiss ion  by t h e  c o n t a i n e r  took p l ace .  

The v a r i a t i o n  o f  t h e  ( C 0 2  + N20) i o n  c u r r e n t  shows a monotonic 

drop wi th  a l t i t u d e  i n c r e a s e ,  and a feebly-modulat ing c h a r a c t e r  due 

t o  t h e  coun te r  f low ( s i m i l a r l y  t o  t h e  H20 i o n  c u r r e n t ) .  The u-rjper 

boundary o f  C02 + N20 con ten t  i n  the atmos9here is determined by 

t h e  depth  o f  i o n  c u r r e n t  corresponding t o  44 modulat ion,  as 
was done f o r  H20. The m a x i m u m  concen t r a t ion  va lue  f o r  t h e  mixture  

o f  t h e s e  two gases  at 1 2 0  k m  c o n s t i t u t e s  1 p e r c e n t ,  which about  

c o i n c i d e s  wi th  t h a t  found dur ing  the  1959 experiment  [l, 21, I n  

t h i s  gas mix tu re ,  a c e r t a i n  p a r t  may c o n s i s t  of CC2, f o r x i n g  a t  

r e a c t i o n s  of atomic a n d  molecular  oxygen o f  t h e  a t  osphere on t h e  

thor ium oxide cathode of t h e  i o n  source .  

The gas wi th  a m a s s  number o f  1 2  (carbonC)  must be cons i -  

de red  as forming a t  C02 
mass-spectrometer ,  as i n d i c a t e d  by t h e  independence o f  gases ' i on  

c u r r e n t  r a t i o s  - 5 t h  mass numbers 1 2  and 44 on t h e  a l t i t u d e  

c I ( C )  : 

d i s s o c i a t i o n  i n  t h e  i o n  s o u r c e  o f  t h e  

I (C02 + N20) = 0.0151- 
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A small q u a n t i t y  of  g a s  w i t h  a m a s s  number o f  30, i d e n t -  

f i e d  as NO was r e g i s t e r e d  a t  ascent  and descent  from 130 t o  180 
k m  a l t i t u d e s .  The c o n c e n t r a t i o n  o f  NO a t  t h e s e  a l t i t u d e s  c o n s t i -  

t u t e s  about 0.1 p e r c e n t  o f  N2 concent ra t ion .  Apparent ly ,  a subs tan-  

tial p a r t  o f  t h e  r e g i s t e r e d  NO w a s  formed i n s i d e  t h e  a n a l y z e r  g+s 

a r e s u l t  o f  charge-exchange r e a c t i o n s  o f  t h e  type 0 1  + N 

The c o r r e l a t i o n  between t h e  v a r i a t i o n  with a l t i t u d e  of concentra-  

t i o n  r a t i o s  NO/N2 and 4 / N 2 c o n s t i t u t e s  an i n d i c a t i o n  t o  t h a t  

e f f e c t .  Because o f  that t h e  i n d i c a t e d  q u a n t i t y  may o n l y  be conside-  

r e d  as t h e  upper l i r i d t  of  NO concent ra t ion  i n  t h e  atmosphere at 

130 t o  180 kn a l t i t u d e s .  

= NO++ N. 2 

with  Mass - - - - -  Numb e rs - - - -  - of- 29 , lo_ and - -  42. - -  
Such n o n c h a r a c t e r i s t i c  gases f o r  atmosphere near-the- 

ground l a y e r s  were r e g i s t e r e d  a t  ascent  and descent  a t  a l t i t u d e s  

from 100 t o  125 k m .  The i o n  c u r r e n t  r a t i o s  f o r  two of  t h e s e  gases  

w i t h  m a s s  numbers of 9 and 10  t o  N2 are n e a r l y  s i m i l a r  a t  a l l  alti- 

t u d e s  i n  t h a t  range and r e s p e c t i v e l y  equal  t o  ( 5  f 2 )  a n d  

(4 2 1.5) 
of N2,  t a k i n g  i n t o  account t h e  l i g h t  g a s e s '  d i s c r i m i n a t i o n  i n  t h e  

a n a l y z e r ,  m i l l  be about e i g h t  times g r e a t e r  t h a n  t h e  above i o n  

c u r r e n t  r a t i o s .  So f a r ,  t h e  i d e n t i f i c a t i o n  of  t h e s e  g a s e s  h a s  n o t  

been f i n a l l y  completed. A pre l iminary  i n d e n t i f i c a t i o n  wi th  b e r g l l i u :  

Be and t h e  bore  i s o t o p e  B'Oleave open a s e r i e s  of  q u e s t i o n s  : 

o r  t h e  o r i g i n  of  t h e s e  elements i n  t h e  upper atmosphere,  p o s s i b l y  

cosmic ( ? ) ,  and on t h e  absence of t h e  b o r e ' s  main i s o t o p e  B l l ,  e t c .  

The r a t i o  o f  c o n c e n t r a t i o n s  of t h e s e  g a s e s  t o  t h a t  

The d e t e c t i o n  of  a gas with a mass number of  42 o f f e r s  a 

c o n s i d e r a b l e  i n t e r e s t .  T h i s  gas is r e g i s t e r e d  a t  a s c e n t  and d e s c e n t  

between t h e  a l t i t u d e s  o f  103 and 126  km, Its i d e n t i f i c a t i o n  w a s  
made wi th  t h e  oxide of one of  magnesium i s o t o p e s -  Mg 26 , 
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t h e  i n p u t  RC) , had a s r r a l l  re-correc-  

t i o n ,  t h e  Mg250 peak r e s u l t e d  unre- 

s o l v e d ,  f o r  i t  coinc ided  e x a c t l y  i n  

t ime w i t h  t h e  n e g a t i v e  " r e c o r r e c t i o n  

pulse" from t h e  A r  i o n  peak. F r o 3  

t h e  graph o f  Fig.  4 ,showing t h e  v a r i -  

a t i o n  o f  t h e  Mg 0 and N2 i o n  c u r r e n t  

mq 

t a  

26 

- 

i 

- 

I I 1 I I r 

9 o x i d e s ,  e q u a l  t o  about  1 0  p a r t .  ~ r n ' ~  Fi;?. 4. V a r i a t i o n  of t h e  
~ 

from 103 t o  126 k m ,  t a k i n g  i n t o  r e  t i v e  c o n c e n t r a t i o n  of  

account  t h e  r e l a t i v e  abundance . The 
Mgs'o. iis a f u n c t i o n  of 
a l t i t u d e ,  a t  a s c e n t  (1) 

presence  of  such s i g n i f i c a n t  amounts 

of  MgO i n  t h e  upper atmosphere p o i n t s  

t o  i ts  e x t r a - t e r r e s t r i a l .  o r i g i n .  Apparent ly ,  i t s  s o u r c e  s h o u l d  be 

s o u s h t  i n  m e t e o r i t e s ,  where M g  and 0 a r e  t h e  main c o n s t i t u e n t s  c121 : 

t h e  mean weight percentage of t h e s e  elements is r e s p e c t i v e l y  13.9 
and 34.6% o f  t h e  t o t a l  mass of matter. Mg i s  found i n  t h e  meteori-  

t i c  m a t t e r  i n  t h e  form of M g O ,  

and a t  d e s c e n t  ( 2 ) .  

. ./. 0 
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t h e  con ten t  o f  which may r each  40.2% of t h e  t o t a l  weight i n  s t o n e  

m e t e o r i t e s  Cl33, and t h e  weight c o r r e l a t i o n  between t h e  s t o n e  and 

i r o n  m e t e o r i t e s  accord ing  t o  C121 i s  6 t o  1. These d z t a  i n d i c a t e  

t h a t  M g O  c o n s t i t u t e s  a s u b s t a n t i a l  share of the  m e t e o r i t i c  matter. 

I n  t h e  m e t a l l i c  phase o f  m e t e o r i t i c  m a t t e r  Mg c o n s t i t u t e s  only 

about  0.03% C141. Such l o w  con ten t  i n  m e t a l l i c  Mg, a longs ide  wi th  

t h e  presence above 100 k m  of s i g n i f i c a n t  amounts of atomic oxygen, 

w i th  which M g  may combine, i s  t h e  p o s s i b l e  exp lana t ion  o f  absence 

i n  masF-sxctrograms of i o n  peaks corresponding t o  m e t a l l i c  Mg. 

The mutual i n t e r a c t i o n  o f  micrometeor i tes  co i i . s t l tX t ing  the 

bulk o f  m e t e o r i t i c  m a t t e r ,  wi th  t h e  atmosphere l e a d s  t o  h e a t i n g  

and t o  t r a n s f e r  of a s i g n i f i c a n t  p a r t  of meteor i t e  m a t t e r  i n t o  a 
gaseous s t a t e .  A t  t h e  same t ime,  i t  is obvious t h a t  t h e  ra te  o f  

v a p o r i z a t i o n  of  m e t e o r i t i c  m a t t e r  w i l l  depend on t h e  temperature  

of h e a t i n g ,  which i n  its t u r n  w i l l  r i s e  wi th  t h e  i n c r e a s e  o f  atmo- 

s p h e r e  d e n s i t y .  Thus,  t h e  a b s o l u t e  c o n c e n t r a t i o n  of gaseous m a t t e r  

r e s u l t i n g  from meteo r i t e  vapor ixa t ion ,  must i n c r e a s e  wi th  t h e  den- 

s i t y  of  t h e  atmosphere,  which i s  observed indeed  i f  we recount  t h e  

r e l a t i v e  MgO c o n c e n t r a t i o n s  and the a b s o l u t e  va lues  brouaht  o u t  i n  

F i g .  4. 

A s  t o  t h e  v a r i a t i o n s  of r e l a t i v e  MgO and N c o n c e n t r a t i o n s  
2 

i t  may be s e e n  from F i g . 4 ,  

r e v e l a e d  a t  t h e  a scen t  as w e l l  as at  descen t .  The f o r n a t i o n  o f  t h a t  

maxicum may be understood,  i f  one starts from t h e  concept  of t h e  

e x i s t e n c e  o f  g r a v i t a t i o n d  s e p a r a t i o n  a t  a l t i t u d e s  above 100 km, and 

o f  t h e  presence  of some extended l a g e r ,  t r a n s i t i o n a l  from t h e  atmo- 

s p h e r e  wi th  t u r b u l e n t  mixing, t o  the  atmosuhere rvhere gas mixing 

h a s  a d i f fv . s ive  c h a r a c t e r  i n  regard  t o  t h e  l a w s  o f  molecular  phy- 

s i c s  . The s t a r t i n g  g r a v i t a t i o n a l  s e p a r a t i o n  may be p a r t l y  upse t  

i n  t h a t  t r a n s i t i o n a l  l a y e r  by s e p a r a t e  flows from t h e  unde r ly ing  

t u r b u l e n t  atmosphere. Th i s  e n t a i l s  t h e  decrease  o f  Mgo conce: tra- 

t h a t  t h e r e  is a maximum a t  117-  118 km, 
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t i o n  i n  t h e  t r a n s i t i o n  l a y e r  as a consequence o f  p a r t i a l  mixing 

w i t h  atmosp3ere l a y e r s  s i t u a t e d  below t h e  l e v e l  o f  m e t e o r i t e  

t o t a l  v a p o r i z a t i o n ,  and t h e r e f o r e  devoid o f  MgO. 

A conclus ion  may be made from t h e  examinat ion o f  t h e  
26 curve  o f  t he  v a r i a t i o n  of Mg 

( F i g .  41, 
p l a c e  a t  105- 110 krn a l t i t u d e s ,  t h e  t r a n s i t i o n a l  l a y e r  r eaches  

t h e  117 - 118 k m  l e v e l .  Below i t ,  the  r e l a t i v e  c o n c e n t r a t i o n  o f  

Mg 0 dec reases  a g a i n ,  but  i n  t h i s  case  i t  does s o  i n  agreement 

wi th  t h e  laws o f  Mg- 0 and iI2 g r a v l t z t i o n d  s e g a r a t i o n .  

0 and N2 r e l a t i v e  c o n c e n t r a t i o n  

t h a t  though g r a v i t a t i o n e l  s e p a r a t i o n  a l r e a d y  takes 

26 
26 - 

The t o t a l  q u a n t i t y  o f  MgO, r e g i s t e r e d  by t h e  mass-spectro- 

r ie te r  i n  t h e  103- 126 k m  a l t i t u d e  range (assurriing t h a t  i t  is 

uni formly  d i s t r i b u t e d  along all t h e  E z r t h ' s  atmosphere) c o n s t i t u -  

t e s  n e a r l y  7 .  l d l g .  The average amount o f  s p o r a d i c  m e t e o r i t i c  

m a t t e r  f a l l  on E a r t h  f o r  one day admit ted by B. A .  Mirtov C153, 
is  5 10  g. From t h e  conparison of t h e s e  d a t a ,  one may c a l c u l a t e  

t h a t  n e a r l y  one y e a r  is r e q u i r e d  for t he  format ion  of t h e  ind ica -  

t e d  amount of  MgO. 
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I n  conclus ion  t h e  a u t h o r  expresses  h i s  g r a t i t u d e  t o  B. A .  

Mirtov  f o r  h i s  c o n s t a n t  i n t e r e s t  i n  t he  work and h i s  va luab le  

c o u n s e l ,  t o  V. G .  I s tomin  and A .  D. Dnnilov - f o r  t h e i r  comnents 

on t h e  ob ta ined  r e s u l t s  and t h e i r  c o n s t r u c t i v e  c r i t i c i s m .  The 

a u t h o r  a l s o  ac!;r,o::.ledges t h e  a c t i v e  p a r t i c i p a t i o n  i n  t h e  conduct ing 

of  t h e  ex::eriment by A .  A .  Perno,  R. F. S t a r o s t i n a  and G. I. Fod- 

za'dlyayeva, and is g r a t e f u l  f o r  t h e i r  h e l p  i n  p r o c e s s i n g  t h e  

m a t e r i a l .  

THE END S X r f f  * * * * *  * * * * *  - 

Ente red  on 7 J u l y  1961. 
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